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Current Biology 27, R163-R171, March 6, 2017 be 100% sustainability. As one of its pioneers, biologist Bill Mollison (1928 Mollison ( -2016 expressed it: "Permaculture is a philosophy of working with, rather than against, nature; of protracted and thoughtful observation rather than protracted and thoughtless labour; and of looking at plants and animals in all their functions, rather than treating any area as a single product system." Government subsidies currently propping up unsustainable land use could be redirected to become tools that enable farmers to switch to sustainable practices. Farmers in many parts of the world are suffering from the intense competition for the lowest prices brought on by globalised food trade. Most will have no time or energy spare to reinvent agriculture or to think about the long-term consequences of their daily grind. Evidence-based policy taking into account the natural benefi ts of ecological complexity of our soils will have to drive substantial changes to practices worldwide if we are to produce food for ten billion people towards the end of the century.
Michael Gross is a science writer based at Oxford. He can be contacted via his web page at www.michaelgross.co.uk excessive use of fertilizer, herbicides and pesticides. Zoning systems can be used to protect the best agricultural soil from urban sprawl. Subsidies could be used to encourage people to purchase tools and other inputs that have a less harmful impact on soils, while certifi cation of sustainable crop and livestock practices can make produce more commercially attractive at higher prices."
Addressing taxes and incentives are particularly important, because existing ones, including those under the EU's common agricultural policy, perversely encourage practices that enhance soil erosion, as explained above. Even some supposedly environmental subsidies, such as those for biofuel production, ended up supporting vast unsustainable monocultures that don't even meet the original goal of improving the carbon balance.
Alternative agricultural practices, including 'no tillage' approaches, crop rotation, and permaculture exist but are insuffi ciently known and promoted. Permaculture, for example, offers a complete philosophy of human activities fi tting in with the ecological context. The concept of 'permanent agriculture' as a system that can be indefi nitely sustained corresponds to what would How did you decide to become a scientist? I grew up in a small town in Oklahoma. My father, Joe Bastian, was a professor at the University of Oklahoma, where he studied neural processing of sensory information in the weakly electric fi sh. It was a weird job compared to those of my friends' parents. But I liked the idea of being a scientist at a very young age based on visits to my father's laboratory. Some of my strongest childhood memories are of his lab, with all the strange equipment and rows of fi sh tanks. That being said, I did not end up being one of those ultra-ambitious teenagers who spent their time doing all the right things to ensure that they attend elite universities with clear career goals. I was busy playing basketball, running on the track team, and mostly worrying about the social things that plague teenage girls. As an undergraduate, I really enjoyed my science classes and particularly those in biology.
I ended up getting a degree in physical therapy because I loved physical movement, my mom Chris Bastian worked in the fi eld, and I knew that I could get a job right out of college. I worked as a therapist for a year after graduating and realized that Why did you choose to study human behavior? When I started taking classes in graduate school, I immediately knew that I could not do molecular neuroscience because of the gazillion three-letter acronyms that one must know. Instead, I loved thinking about behavior and I really liked things that you can see with the naked eye. My clinical interest in movement made me realize that I had to study something involving the motor system. It was my father who really convinced me to study people rather than a model animal system. To be honest, I think that it was mostly because he felt that clinical research jobs might be easier to come by compared to basic science jobs. He was always worried about whether his kids would have a job. I guess that the electric fi sh job-market was not booming at the time compared to that for studying human medical issues. Luckily, the decision was perfect for me.
Human behavior is underrated in my book.
A lot of what we know about the brain is based on studies of people with damage to the brain. Don't get me wrong, I realize that this 'lesion approach' is crude and can lead you astray -the function of a brain area is not necessarily the opposite of what you see when it is damaged. But you can make a lot of headway by designing studies that really dissect behavior carefully. Some of my favorite studies, from my own lab and others, are those that show what functions are still normal and available after focal brain damage. It is particularly helpful when thinking about how to use residual brain function to try to help people learn to overcome their problems, which is a goal of my lab.
What kinds of scientists have inspired you the most and why? Tom Thach was my PhD advisor and has been a major inspiration to me. Tom studied how the cerebellum learns and controls movement, using single cell recording and neural inactivation in the macaque monkey. When I joined his lab, Tom wanted someone to design parallel studies in people with cerebellar damage. I was enlisted to do those studies while the rest of the lab focused on the monkey work. Perhaps the most critical thing that Tom imparted to me was the importance of understanding the animal work in order to try to refi ne what I could do with human subjects. For example, I learned an enormous amount watching the acute inactivation studies. Turning parts of the cerebellum 'off' in those days meant using the GABA-agonist muscimol to inactivate a large group of neurons in a given brain region. At the time, we did what we called 'room behavior', which was basically letting the monkey run freely around the room after we inactivated part of the cerebellum so that we could look for the defi cits! This type of temporary, reversible lesion was essential for understanding what elements of abnormal movement are due to the lesion per se, versus the compensations that are learned over time. The fact that researchers can now do cell-specifi c inactivations (and activations) in some animals via optogenetics makes this type of work even more specifi c and more exciting. In general, I fi nd studies that can show causal relationships between brain activity and behavior to be the most compelling.
I have also been inspired by people taking the reverse approach -that is, trying to understand the complexities of controlling the body in order to understand what things the nervous system needs to do. Early in my career, I read engineering papers to try to understand what kinds of things had to be controlled to allow robots to make reaching movements. The papers by engineers like John Hollerbach and Neville Hogan were really interesting to me in that regard. I distinctly remember reading a paper that showed the trajectories of a robot arm when the Coriolis forces were not controlled for: it looked a lot like the incoordination in the reaching movements of my cerebellar patients! This led me to always think about the mechanics of the body when designing studies. For example, we have a line of work showing that the cerebellum is essential for predictive control of the mechanics of movement. The incoordination that results from damage can be largely explained by loss of this function. Thus, throughout my career I have always collaborated with engineers, which has been incredibly helpful.
As you study patients, is there a group that you fi nd particularly fascinating? Hands down it is the group of children with hemispherectomy. These are kids who have had half of their brain removed for a set of rare seizure disorders. When I found out that many of these procedures were done at Johns Hopkins, I immediately tracked down the neurologists who took care of these kids and begged them to let me study them. It turned out that they were really happy to help, and the kids have been amazing. Not all of them are success stories, but many regain so much function that it is astounding. I have seen kids that had hemispherectomy who walk, talk, go to school, have boyfriends and girlfriends, drive (with special equipment) and go to college! It was great fun to have them in the lab doing motor learning studies. One of the ways I study learning during walking is with a treadmill that has two belts -one under each foot. I can make legs walk at different speeds or in different directions. I have had kids with hemispherectomy on my treadmill three weeks after their surgery and they can walk with one leg moving three times faster than the other and learn to optimize their gait pattern. So cool! They behave almost normally, which tells us that the residual parts of their nervous system, particularly the cerebellum, are needed for this kind of motor learning. what you amateur psychoanalysts are thinking. When you are in science, you tend to meet other scientists. It is just like any other fi eld in that you socialize with the people that are around you. When I met my husband, Ed Connor, I thought he was a snob because he seemed really standoffi sh. It turned out that he thought the same thing about me. Once Ed and I got a chance to really talk at a bar with other friends, we realized that we got along really well (even after the gin wore off). Over the years it has been terrifi c to be married to another neuroscientist because we help each other with papers and grants. It is particularly nice because we truly understand the highs and lows of the job: the joy of fi nally getting a paper published after many revisions and the agony of rejection. We now have an 11-year old son named Malcolm who seems to like science almost as much as video games, and a bad dog named Ollie. Do you ever wish that you did something else? Of course, who doesn't? It is usually when I am revising a grant for the umpteenth time or reviewing a badly written paper. When I fantasize about another job, it is almost always as some kind of fi eld biologist. I am fascinated by the intelligence of animals and would have enjoyed studying them. For example, I get pretty envious when I read articles from people who study octopus behavior or the social structure in elephants. These animals have such interesting fl avors of intelligence and they seem bizarre and magical to me. The only animal that I get to 'study' behaviorally is our dog Ollie, who fi nds new and exciting ways to destroy things in the house.
What advice would you give to younger scientists? I tell all my students and postdocs that they should do their damnedest to have fun doing science. If you are not having a good time, it is the wrong job. Don't get me wrong, science won't always be fun, but you should feel some sense of joy and happiness most days. And, of course it helps to have a sense of humor. Turtles, as defi ned by their shells, are perhaps one of the most easily recognizable and enigmatic creatures on Earth. The shell provides shelter from the environment, enhances thermoregulation, protects from predator attacks and even acts a rich reservoir of fats, minerals and water. Thus, the shell is considered an anatomical innovation that has set turtles off along a unique evolutionary trajectory. Among animals, turtles are most closely related to crocodilians and birds. However, early doubts about this classifi cation stimulated a great deal of scientifi c interest in turtles, particularly with respect to clarifying major evolutionary transitions in the history of tetrapod animals. Although this pursuit continues to motivate intense examination of living and extinct turtles, many questions concerning the origins of these shelled reptiles remain unanswered.
What are the evolutionary origins of the turtle's shell? For many years a remarkable fossil from Germany, Proganochelys quenstedti, was the oldest known turtle, dated to 210 million before the present. Thus, the age of modern turtles could be estimated but evolutionary relationships to other ancient fossil lineages could not be determined. Recently, extraordinary fossil discoveries indicate that terrestrial 'proto-turtles' or stem lineages that diverged from the ancestor of birds and crocodilians arose around 220-260 million years ago. These early turtle-like reptiles included transitional features that eventually gave rise to the fully shelled Proganochelys. Turtle-like fossils, such as Eunotosaurus (260 million years old), Pappochelys (240 million years old) and Odontochelys (220 million years old) suggest that the ventral shell elements evolved fi rst, followed by broadened ribs that eventually morphed into the fully hardened dorsal shell. This has recently led to the intriguing hypothesis that the incipient shell might have evolved as an adaptation to life underground,
